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1. Introduction 

 

This document provides basic information for using the products from MEaSUREs GOZCARDS 

(zonal average time series on pressure/latitude grid).  This MEaSUREs GOZCARDS ESDR consists 

of products generated with a focus on stratospheric ozone and related chemical species.  The 

ǇǊƻŘǳŎǘǎ ƛƴŎƭǳŘŜ Ȋƻƴŀƭ ŀǾŜǊŀƎŜ ǘƛƳŜ ǎŜǊƛŜǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ά[ŜǾŜƭ нέ ǇǊƻŘǳŎǘǎ ƛƴŎƭǳŘƛƴƎ 

stratospheric volume mixing ratio (VMR) and temperature profiles, based primarily on 

measurements from satellite-borne instruments, and largely from NASA missions studying the 

9ŀǊǘƘΩǎ ǎǘǊŀǘƻǎǇƘŜǊŜ ǎƛƴŎŜ ǘƘŜ ƭŀǘŜ 1970s. 

 

Users of these datasets should find that the concepts described below are fairly straightforward, 

and that the merged dataset results (time series in various latitude/pressure bins) match the 

source datasets being merged together, but for some additive offsets that mitigate data 

ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎ όŀǾŜǊŀƎŜ ōƛŀǎŜǎύ ōŜǘǿŜŜƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƛƴǎǘǊǳƳŜƴǘǎΩ ƳŜŀǎǳǊŜƳŜƴǘǎΦ  {ƻƳŜ 

caveats will also be included for each one of the GOZCARDS products, as they get delivered for 

public consumption, further validation, and potential updates and improvements in the future. 

 

More technical details, examples, and validation will be submitted for publication (and also for 

website access) by the GOZCARDS project team soon after the delivery of GOZCARDS data 

products, as these become available, in sequence. 

1.1 Data Product and Instrument Description 

Table 1 below summarizes the GOZCARDS products (stratospheric species name or temperature 

(T)), and source datasets that were considered.  The products files include source datasets 

(individual instrument records) as well as merged datasets, based on a combination of 

instruments.  The product types in the GOZCARDS files are species Volume Mixing Ratio (VMR) or 

T time series on a latitude/pressure grid (10° zonal averages, typically monthly averages).  If there 

are large data gaps between some measurement records, the merged (combined) data record 

may be identical or very similar (when adjustment guidelines can be provided) to the union of 

these records. 
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Table 1. Products and data sources considered for the creation of the MEaSUREs GOZCARDS stratospheric 
ESDR.  Not all datasets below are used when producing a merged product (a few datasets are used mainly 
for comparison/validation). Shown in blue are products with data files now publicly available from the 
NASA Goddard Earth Sciences and Information Services Center (GES DISC; see http://disc.gsfc.nasa.gov); 
these GOZCARDS datasets have ongoing measurements and analyses, and have been made available for 
time periods through 2012. 

Products 
(and max. range  

of pressures) 

Data Sources (and data years) 
 

HCl 
(147 ï 0.5 hPa) 

HALOE (1991-2005), ACE-FTS (2004 onward), Aura MLS (2004 onward) 

H2O 
(147 ï 0.01 hPa)      

HALOE (1991-2005), UARS MLS (1991-1993), 
ACE-FTS (2004 onward), Aura MLS (2004 onward)   

O3 
    (215 ï 0.2 hPa)       

SAGE I (1979-1981), SAGE II (1984-2005), HALOE (1991-2005), 
UARS MLS (1991-1997), ACE-FTS (2004-onward), Aura MLS (2004 onward)  

+ others as validation (e.g., SAGE III, 2002-2005) 

ClO 
(100 ï 1 hPa) 

UARS MLS (1991-1997), Aura MLS (2004 onward) 

HNO3 

(215 ï 1 hPa) 
 UARS MLS (1991-1997), ACE-FTS (2004 onward), Aura MLS (2004 onward) 

HF 
(147 ï 0.5 hPa) 

HALOE (1991-2005), ACE-FTS (2004 onward) 

N2O 
(100 ï 0.5 hPa) 

ACE-FTS (2004 onward), Aura MLS (2004 onward) 

CH4 

(147 ï 0.1 hPa) 
HALOE (1991-2005), ACE-FTS (2004 onward) 

ClOx  

(100 ï 10 hPa) 
UARS MLS (1991-1997), Aura MLS (2004 onward) 

NO2 

(100 ï 1 hPa) 
SAGE II (1984-2005), HALOE (1991-2005), POAM III (1998-2005), 

SAGE III (2002-2005), ACE-FTS (2004 onward) 

NO 
(100 ï 1 hPa) 

HALOE (1991-2005), ACE-FTS (2004 onward) 

NOx 

(100 ï 1 hPa) 

  

SAGE II (1984-2005), HALOE (1991-2005), POAM III (1998-2005), 
SAGE III (2002-2005), ACE-FTS (2004 onward) 

Temperature 
(1000 ï 0.015 hPa) 

                                         GMAO MERRA (1979 onward) 

 

http://disc.gsfc.nasa.gov/
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Figure 1 below summarizes the timeline and names for the missions and instruments that have 

been considered/used for the generation of GOZCARDS products.  A brief summary description 

for each instrument and measurement set is provided further below 

 

Figure 1. Timeline of satellite missions and instruments considered for the GOZCARDS project and the 
creation of a stratospheric composition ESDR.  Dotted lines indicate some degradation in coverage during 
the ending phase of some missions (SAGE II, UARS MLS); HALOE also suffered from poorer coverage in the 
second half of the UARS mission. 

We provide below a list of the nine main data sources (instrument names or MERRA) for the 

creation of the GOZCARDS ESDR, along with a brief description, and electronic links to the original 

dataset locations. 

1.1.1 SAGE I 

The Stratospheric Aerosol and Gas Experiment I (SAGE I) was launched February 18, 1979, aboard 

the Applications Explorer Mission-B (AEM-B) satellite. SAGE I was a sun photometer that used 

solar occultation to measure aerosols and important stratospheric gases in the atmosphere.  

SAGE I collected valuable data for nearly three years until the power system on the satellite 

failed.  SAGE I developed a global database for stratospheric aerosol, ozone, and nitrogen dioxide 

that is still used in the study of trends, atmospheric dynamics and transport, and potential 

climatic effects. 

For more information and access to these data please go to: 
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http://sage.nasa.gov/SAGE1 

1.1.2 SAGE II 

SAGE II (Stratospheric Aerosol and Gas Experiment II) was launched aboard the Earth Radiation 

Budget Satellite (ERBS) in October 1984. During each sunrise and sunset encountered by the 

orbiting spacecraft, the instrument used the solar occultation technique to measure stratospheric 

aerosols, ozone, nitrogen dioxide, and water vapor. 

SAGE II continued the SAGE measurements of stratospheric ozone from 1984-2005. This long-

term, stable data set has proven very valuable in determining trends in ozone. 

For more information and access to these data please go to: 

http://sage.nasa.gov/SAGE2 

1.1.3 SAGE III 

SAGE III-Meteor-3M was a third generation, satellite-borne instrument and a crucial element in 
NASA's Earth Observing System (EOS). The instrument was launched on the Russian Meteor-3M 
spacecraft in December 2001. The Meteor-3M mission was terminated on March 6, 2006, 
because of a power supply system failure resulting in loss of communication with the satellite.  

The SAGE III mission enhanced our understanding of natural and human-derived atmospheric 
processes by providing accurate measurements of the vertical structure of aerosols, ozone, water 
vapor, and other important trace gases in the upper troposphere and stratosphere. 

For more information and access to these data please go to: 

http://sage.nasa.gov/SAGE3M3M 

1.1.4 HALOE 

Since its launch on September 12, 1991 from the Space Shuttle Discovery, the Halogen 

Occultation Experiment (HALOE) collected profiles of middle atmosphere composition and 

temperature on board the Upper Atmosphere Research Satellite (UARS). HALOE used solar 

occultation to measure simultaneous vertical profiles of ozone (O3), hydrogen chloride (HCl), 

hydrogen fluoride (HF), methane (CH4), water vapor (H2O), nitric oxide (NO), nitrogen dioxide 

(NO2), temperature, aerosol extinction at 4 infrared wavelengths, aerosol composition and size 

distribution versus atmospheric pressure with a 1.6 km instantaneous field of view at the Earth's 

limb.   HALOE collected data from October 11, 1991 until November 11, 2005. 

For more information and access to these data please go to: 

http://sage.nasa.gov/SAGE1
http://sage.nasa.gov/SAGE2
http://sage.nasa.gov/SAGE3M3M
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http://disc.sci.gsfc.nasa.gov/UARS/data-holdings/HALOE 

1.1.5 UARS MLS 

The Microwave Limb Sounder (MLS) was one of 10 instruments aboard the Upper Atmosphere 

Research Satellite (UARS). The instrument had three radiometers, at frequencies near 63, 183 and 

205 GHz. The major objective of UARS MLS was to provide global information on chlorine 

monoxide (ClO), the dominant form of chlorine that destroys ozone. UARS MLS was also designed 

to measure stratospheric ozone and water vapor. Additional measurements were obtained, 

including: stratospheric temperature, upper tropospheric water vapor, cloud ice water content, 

stratospheric HNO3, volcanic SO2 injected into the stratosphere, temperature variances 

associated with atmospheric gravity waves, and stratospheric CH3CN. 

UARS MLS generally provided daily measurements from September 19, 1991 through March 15, 

1994, although stratospheric water vapor measurements ceased on April 15, 1993 due to the 

failure of the 183 GHz radiometer. After March 15, 1994 the measurements became increasingly 

sparse in order to conserve the life of the MLS antenna scan mechanism and UARS power. Data 

are available through July 28, 1999, although for GOZCARDS, only data through mid-June, 1997, 

ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ όŦŀƛƭǳǊŜ ƻŦ ǘƘŜ со DIȊ ǊŀŘƛƻƳŜǘŜǊ ƭŜŘ ǘƻ ǎƭƛƎƘǘƭȅ ƭŜǎǎ ΨǘǊŜƴŘ-ǉǳŀƭƛǘȅΩ Řŀǘŀ ŀŦǘŜǊ ǘƘƛǎ 

time). 

For more information and access to these data please go to: 

http://disc.sci.gsfc.nasa.gov/UARS/data-holdings/MLS 

1.1.6 Aura MLS 

The Earth Observing System (EOS) Microwave Limb Sounder (MLS) is one of four instruments on 

the NASA's EOS Aura satellite, launched on July 15th 2004. Aura MLS is a greatly enhanced 

version of the UARS MLS experiment, providing better spatial coverage and vertical resolution. 

The instrument includes four radiometers at 118, 190, 240, and 640 GHz, and a 2.5 THz module. 

MLS provides measurements of many chemical species (O3, H2O, OH, HO2, HCl, HOCl, ClO, N2O, 

HNO3, CO, BrO, HCN, CH3CN, and volcanic SO
2
), cloud ice, temperature and geopotential height.  

The instrument has been making measurements continuously since August 2004, with the 

exception of OH which ceased regular (daily) measurements in August 2010 in order to preserve 

the life of the THz module.  

For more information and access to these data please go to: 

http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/MLS/ 

http://disc.sci.gsfc.nasa.gov/UARS/data-holdings/HALOE
http://disc.sci.gsfc.nasa.gov/UARS/data-holdings/MLS
http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/MLS/
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1.1.7 ACE-FTS 

¢ƘŜ !ǘƳƻǎǇƘŜǊƛŎ /ƘŜƳƛǎǘǊȅ 9ȄǇŜǊƛƳŜƴǘ ƳƛǎǎƛƻƴΩǎ CƻǳǊƛŜǊ ¢ǊŀƴǎŦƻǊƳ {ǇŜŎǘǊƻƳŜǘŜǊ ό!/9-FTS) is 

the primary instrument onboard the SCISAT satellite. FTS is a high spectral resolution (0.02 cm-1) 

Fourier Transform Spectrometer (FTS) operating from 2.2 to 13.3 µm (750-4400 cm-1) with a 

Michelson interferometer. The instrument is designed to simultaneously measure temperature, 

trace gases, thin clouds, and aerosols found in the atmosphere using the solar occultation 

technique. 

For access to these data please go to: 

http://www.ace.uwaterloo.ca 

1.1.8 POAM III 

The Polar Ozone and Aerosol Measurement III (POAM III) instrument was launched aboard the 

French SPOT-4 spacecraft in March 24, 1998. This instrument measured the vertical distribution 

of atmospheric ozone, water vapor, nitrogen dioxide, and aerosol extinction using the solar 

occultation technique. POAM III was operational until December 5, 2005.  POAM III was an 

improved version of POAM II. It had an improved electronic system that provided lower noise and 

more accurate measurements. The optical filters were manufactured with a better technology 

that yields higher transmission and greater ability to withstand the space environment. The 

wavelengths and bandwidths of the science channels differed slightly from those in POAM II. 

For access to these data please go to: 

http://wvms.nrl.navy.mil/POAM 

1.1.9 MERRA 

The Modern-Era Retrospective Analysis for Research and Applications, or MERRA, is a NASA 

reanalysis for the satellite era using a major new version of the Goddard Earth Observing System 

Data Assimilation System Version 5 (GEOS-5). The Project focuses on historical analyses of the 

hydrological cycle on a broad range of weather and climate time scales and places the NASA EOS 

suite of observations in a climate context. 

For access to MERRA data please go to: 

http://disc.sci.gsfc.nasa.gov/mdisc/data-holdings/merra 

http://www.ace.uwaterloo.ca/
http://wvms.nrl.navy.mil/POAM
http://disc.sci.gsfc.nasa.gov/mdisc/data-holdings/merra
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For more information about MERRA data, please see http://gmao.gsfc.nasa.gov/merra 

 and Rienecker et al. (2011).  See also section 1.2.9 for the GOZCARDS-relevant application. 

1.2 Data Versions and Validation References 

The data versions used for GOZCARDS are provided as part of the data records (source files and 

merged files).  Unless otherwise specified in the files, the following algorithm/data versions were 

used ŦǊƻƳ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎƻǳǊŎŜ ŘŀǘŀǎŜǘǎ όά[ŜǾŜƭ н ŦƛƭŜǎέΣ ƻǊ ά[ŜǾŜƭ о!¢ ŦƛƭŜǎέ ƛƴ ǘƘŜ case of UARS 

MLS), after appropriate data profile screening (and/or outlier value screening) procedures.  Note 

that some of the above datasets (SAGE III and POAM III in particular) have not been merged as 

part of the current (or now planned) GOZCARDS data record, due in part to logistical reasons, and 

as the main benefits for a merged product come from robust and long global time series (for 

άŜŀǊƭȅέ ŀƴŘ άƭŀǘŜέ ǘƛme periods within a data record); however, some datasets can be used as 

cross-checks, even if they are not used directly as part of the generation of a merged product.   

A brief synopsis of validation-related references for the main species and datasets is provided 

below, focusing initially on HCl, O3, H2O, ClO, and HNO3 (as the first phase of planned GOZCARDS 

deliveries).  Note, however, that published validation papers do not always refer to the latest 

data versions, although changes in abundances between data versions are generally fairly small in 

the late stages of satellite missions.  More detailed GOZCARDS-related information will be made 

available in GOZCARDS-related publication(s) and other (future) documentation. 

1.2.1 SAGE I 

Version 5.9_rev is used.  It was known that there were altitude errors in the original SAGE-I (V5.9) 

data (Veiga et al., 1995, Wang et al., 1996).  An empirical altitude correction method based on 

Wang et al. (1996) had been applied to SAGE-I V5.9 ozone data before being used for GOZCARDS.  

This empirically corrected SAGE-I dataset (V5.9_rev) had been evaluated and used in previous 

ozone trend studies (e.g. SPARC Report, 1998, WMO, 2003).  The SAGE science team is working 

on a new retrieval algorithm to correct this altitude registration problem, which could potentially 

improve SAGE I ozone data in the lower stratospheric and upper tropospheric regions. 

1.2.2 SAGE II 

Version 6.2 is used.  For ozone-related validation, see Wang et al. (2002), as well as Wang et al. 

(1996).  However, the SAGE II H2O version 6.2 data product (see Taha et al., 2004, as a validation 

reference) was not included in the GOZCARDS merged result.  This was decided after 

consideration of the resulting time series and the concerns of the SAGE II team itself regarding a 

channel drift issue (see Thomason et al., 2004; also, L. Thomason, private communication).  While 

there is value in attempting to extend the H2O time series back in time to 1984 from the HALOE 

http://gmao.gsfc.nasa.gov/merra
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starting date (in late 1991), some of the lower stratospheric H2O variations in the mid-мфулΩǎ Řƻ 

not appear very robust; given the channel drift issue as well as data gaps and potential lower 

stratospheric artifacts from aerosol contamination as a result of the 1984 volcanic El Chichon 

eruption, the GOZCARDS team chose the conservative approach (not to use SAGE II H2O data at 

all).  Also, the SAGE II H2O dataset becomes significantly noisier above the 3 hPa level.  It may be 

that the recently produced version 7 SAGE II dataset will prove more robust and enable a a 

longer-period reconstruction of global H2O time series.  

1.2.3 SAGE III 

Version 4.0 is used.  However, this dataset is not part of the planned initial release for the 

GOZCARDS merged ozone product, but SAGE III ozone source data files have been created for the 

GOZCARDS record and this dataset can be used as a cross-check.  See Wang et al. (2006) as well 

as Kar et al. (2007) for references related to SAGE III ozone. 

1.2.4 HALOE 

Version 19 is used.  See the following validation-related references: Russell et al. (1996) for HCl, 

Harries et al. (1996) and Taha et al. (2004) for H2O, Brühl et al. (1996), Bhatt et al. (1999), and 

Randall et al. (2003) for O3; Grooß and Russell (2005) provided a useful reference for HALOE-

derived climatologies and uncertainties.  Hervig et al. (1995) and Hervig and McHugh (1999) 

developed screening criteria for the HALOE data, to account for contamination by aerosols, 

clouds, and tropospheric water vapor.  These data screening criteria have undergone certain 

refinements over the years, including recently.    

1.2.5 UARS MLS 

Version 5 is used for O3 and ClO, and version 6 is used for HNO3 and (stratospheric) H2O.  See 

Livesey et al. (2003) and references therein for more details.  Version 6 for H2O (from the GES 

DISC) is the same as the original prototype version (0104) (see Pumphrey, 1999).  For brevity, 

UARS MLS is also referred to as UMLS in other portions of this document and in the relevant 

GOZCARDS file naming conventions.  

1.2.6 Aura MLS 

Version 2.2 is used for ozone and version 3.3 is used for other species. A set of validation papers 

was produced in 2007 and 2008 for version 2.2; see Froidevaux et al. (2008a), Jiang et al. (2007), 

and Livesey et al. (2008) for O3, Froidevaux et al. (2008b) for HCl,  

Lambert et al. (2007) for stratospheric H2O and for N2O, Read et al. (2007) and Vömel et al. (2007) 

for upper tropospheric/lower stratospheric H2O, Santee et al. (2007) for HNO3, and Santee et al. 

(2008) and Connor et al. (2007) for ClO.  See also Manney et al. (2007) for non-coincident 
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validation studies.  Some updates regarding version 3.3 data validation have been provided in the 

Aura MLS data quality documentation (Livesey et al., 2011). Also, Nedoluha et al. (2011) have 

provided cross-validation results tying the ground-based ClO measurements to the MLS ClO data 

from both UARS and Aura.  For brevity, Aura MLS is also referred to as AMLS in other portions of 

this document and in the relevant GOZCARDS file naming conventions. 

1.2.7 ACE-FTS 

Version 2.2 update is used for ozone, and the standard version 2.2 is used for the other ACE-FTS 

species that are included in GOZCARDS.  The main ACE-FTS (version 2.2) validation references for 

some of the GOZCARDS-related species are by Mahieu et al. (2008) for HCl and HF, Carleer et al. 

(2008) for H2O, and Dupuy et al. (2009) for O3, and Wolff et al. (2008) for HNO3; see also Hegglin 

et al. (2008) for non-coincident validation studies of ACE-FTS data (for O3, H2O, and CO) in the 

upper troposphere/lower stratosphere (UTLS).   

Notes: Data processing issues for ACE-FTS v2.2 data have led us to limit the ACE-FTS datasets to 

dates prior to and including the last day of September, 2010 for species other than ozone; for 

ozone, we have limited the (v2.2 update) data to dates prior to and including the last day of 

December, 2009.  The first ACE-FTS data month recommended for use is March, 2004; for N2O 

and HNO3, we start the current merged datasets combining Aura MLS and ACE-FTS data on the 

same month, namely August 2004, when the MLS retrievals started.  These issues could be 

remedied in the future through the use of version 3 data, or by using updated version 2 data from 

the ACE-FTS team, so that dates after the above limiting dates could be included as well for 

GOZCARDS.       

1.2.8 POAM III 

Version 4.0 is the latest data release for POAM III.  Note that this dataset has not been merged as 

part of the GOZCARDS record, mainly due to logistical reasons, and as the main benefits for 

merging come from more global time series.  See Randall et al. (2003) and references therein as a 

validation reference for POAM III ozone and Lumpe et al. (2006) for H2O. 

1.2.9 MERRA 

The MERRA temperature fields used for GOZCARDS are from the DAS 3d analyzed state 

MAI6NVANA, version 5.2.0 (files such as MERRA300.prod.assim.inst6_3d_ana_Nv.20110227.hdf).  

In brief, temperature data from 4 daily files (for 00, 06, 12, and 18 hr UT) are averaged to provide 

daily mean fields (appropriate for a mean time of 09 hr).  Interpolation is performed onto the 

fixed GOZCARDS pressure grid (30 pressures levels from 1000 to 0.0147 hPa).  Averaged values 
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are stored for the 10° GOZCARDS latitude bins; daily results are binned into a monthly average for 

the GOZCARDS monthly files.     

1.3 Algorithm Background 

The basic elements of the algorithms relating to the GOZCARDS records are described briefly 

below.  Note that each species often has its own specific set of issues, often relating to the 

specific instrument measurements, sampling, and measurement overlap periods or regions 

available; case-by-case considerations and further details will be described elsewhere (the 

GOZCARDS team is planning manuscripts for the peer-reviewed literature). 

In general, if one considers several measurement systems for a given species as a function of 

time, the GOZCARDS algorithm is based on the use of the overlapping time periods between the 

various measurements to define additive offsets and remove the instrument-to-instrument 

biases; as a result, with enough overlap time and high quality, properly screened data, one can 

obtain a merged time series.  The offsets between the various measurements are determined by 

comparing the monthly mean values during overlap and by adjusting to an average reference.   

We provide some more information below on the procedures that were used for merging 

datasets for various species.  We have limited some datasets for the merging process when it was 

clear that significant biases versus other datasets exist; for example, UARS MLS ozone data at  

100 hPa in the tropics have a clear high bias (by more than 50%) versus HALOE and SAGE II ozone, 

so the UARS MLS data at this pressure for the 25°S through 25°N latitude bins was not included in 

the merging process.  We also tend to ignore ozone data that are clearly in the upper 

troposphere for this GOZCARDS project, geared towards the stratosphere.  More validation 

would probably be needed and less data continuity (for long time series) exists anyway in the 

upper troposphere.  Ozone data extend down to the 215 hPa pressure level at high latitudes, but 

only to 100 hPa in the tropics.  Similarly, the water vapor data are largely stratospheric, given the 

147 hPa pressure chosen as the bottom of this merged dataset.  For some species (like N2O and 

HNO3), the lower boundary is determined by the Aura MLS lowest boundary, and we have 

preferred to keep the continuity of the dataset in terms of coverage tied to the Aura MLS data; 

some extension could be performed (by data users) by using ACE-FTS N2O down to 147 or  

215 hPa (and by using the same offset values as provided in the data files at 100 hPa), but 

significant data gaps would exist compared to the 100 hPa level.  Also, the N2O and HNO3 

datasets start in August 2004, when Aura MLS monthly data started; a small extension in time 

could be obtained by using ACE-FTS data during the few months prior to August 2004, when ACE-

FTS data exist, but again, with some break in the data continuity.  For the longer time series such 

as O3, H2O, and HCl, we simply maintain the differences in sampling frequency versus time; what 

can look like significant differences in seasonal cycles is usually caused by these differences in 
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sampling frequencies between occultation instruments (which span the globe in about a month) 

and the (daily global) emission measurements by MLS instruments.  Future analyses of these data 

ǊŜŎƻǊŘǎ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ΨǊŜŀƴŀƭȅȊŜŘΩ Řŀǘŀ ǊŜŎƻǊŘǎ ǿƛǘƘ Řŀǘŀ ƎŀǇǎ ŦƛƭƭŜŘ ƛƴΣ ŀƭǘƘƻǳƎƘ 

there are various ways of doing this; this, however, is one step further removed from the actual 

datasets, and is not the goal (nor within the bounds) of this GOZCARDS work. 

HCl and H2O 

For HCl and H2O, the overlap period between the March 2004 (first available/recommended) 

ACE-FTS monthly means and the November 2005 last useful set of HALOE data is used to 

determine a reference based on the average of all three datasets available, which includes Aura 

MLS (start of MLS data is August, 2004).  In reality, the averaging does not use the set of data 

values that are exactly collocated in time, as there is often only a small number of such values; 

instead, Aura MLS (AMLS) data are used as a transfer standard, as this dataset has essentially 

continuous time/space coverage.  An iterative procedure is used for the merging process in each 

latitude/pressure bin.  First, collocated AMLS and ACE-FTS values are averaged in the Aug. 2004 

to Dec. 2005 time period to obtain an average reference (labeled ref1); the full original time 

series from ACE-FTS and AMLS are then offset (by the appropriate opposite and equal amounts) 

and merged (averaged), wherever they both provide a monthly mean value.  Then, the HALOE 

data values are adjusted by using as a new reference the above previously-adjusted AMLS/ACE-

FTS combination.  The new average reference is constructed from the average collocated set: ref2 

value = (1/3)x(HALOE value) + (2/3)x(ref1 value), and this is used to produce new average offsets 

and correspondingly-adjusted series, which are then merged (averaged) together.  In the case of 

H2O, the merging procedure then also includes the adjusted UMLS values, by using the previous 

temporarily-merged series as a reference to adjust to.   

The case of water vapor is essentially the same as for HCl, in terms of methodology and datasets 

used, except that one dataset, UARS MLS H2O, is added at the end, using an adjustment based on 

the already-adjusted HALOE series as a reference during the Oct. 1991 through May 1993 (end of 

UARS MLS series for H2O) time period.  SAGE II H2O data were affected by a channel drift issue 

that led to a re-calibration of the (v6.2) dataset by comparison to averages from HALOE H2O (see 

Thomason et al., 2004); while the impact of this issue on average SAGE II H2O values and drifts 

versus time may not be very large, SAGE II team members have themselves cautioned against the 

use of this dataset for trend studies.  Moreover, the impact of volcanic aerosols (from El Chichon 

in 1982 and for several years after that, from Kelut in 1990, and from Mt. Pinatubo in 1991 and 

for 2-3 years after that) limits the amount of reliably-retrieved lower stratospheric SAGE II H2O 

for the earlier years and tends to accentuate variability, based on our inspection of the time 

series.  Thomason et al. (2004) also refer to some issues with a dry bias in SAGE II H2O.  In the 

end, we decided not to include the SAGE II H2O dataset into our (ev1) merged GOZCARDS results 
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for water vapor.  The potential use of a recently reprocessed SAGE II dataset (version 7) would 

need to be evaluated.  We note that some HALOE data in 1991-1992 were found to be 

anomalously low, compared to UARS MLS values and 1993 (and later) HALOE (and SAGE II) 

values.  Screening of such low values is obtained by using a threshold based on HALOE extinction 

measurements for 22 hPa and higher pressures, although a few monthly values still seem 

somewhat anomalous in this time period, which also affects some merged values (details to be 

provided elsewhere). 

Note: Minor changes for HCl ESDR version ev1.01   

A minor change occurred between the delivered ESDR version ev1.00 for HCl and the updated 

ev1.01 datasets.  This has to do with the inclusion of low latitude profiles from ACE-FTS (for 

latitudes between 30°S and 30°N, meaning bins between 25°S and 25°N); the criterion for 

minimum acceptable number of values was set to 6 for generating a monthly mean for ACE-FTS 

data in this region for the upper stratosphere (pressures less than 10 hPa); for ev1.01, we keep 

this criterion, but apply it to the whole profiles, rather than just keeping the upper stratospheric 

portion.  This change has been used for all species from ACE-FTS. The merged HCl files have 

therefore changed slightly in a few places/times, as a result of slightly different offsets compared 

to ev1.00 and slightly more data points (depending on the year), particularly in the lower 

stratosphere.  Also, the HALOE zonal means have (recently) changed slightly for a few of the 

months as a result of modifications in the data screening relating to aerosol effects, as well as 

ƻŎŎŀǎƛƻƴŀƭ ǇǊƻŦƛƭŜ άŜǾŜƴǘǎέ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ǎŎǊŜŜƴŜŘ ƻǳǘ, per recommendations from HALOE 

team members.  These profiles may contain retrieval artifacts associated with either a faulty 

trip -angle or constant-lockdown-angle registration (see http://haloe.gats -

inc.com/user_docs/index.php).  These effects can bring the total number of good profiles in a 

monthly bin below our threshold for calculation of a GOZCARDS monthly zonal mean (from 

HALOE or SAGE data), namely we only use monthly means constructed from 15 profiles or more 

in a given latitude/pressure bin.       

Ozone  

The means of deciding upon and obtaining a reference are species-dependent.  For ozone data, 

SAGE II O3 is chosen as a robust reference (based on past studies of this high quality product); 

other GOZCARDS ozone datasets are generally adjusted for their offsets versus SAGE II and then 

averaged (where collocated points exist during an appropriate overlap time period).  However, 

there are some subtleties in this procedure, summarized briefly here.   

First, we have adjusted the UARS MLS and HALOE ozone values to the SAGE II ozone reference by 

using the mean (additive) offsets versus SAGE II ozone during the appropriate period of overlap, 

namely the 1991-1997 period appropriate for UARS MLS data records, and the 1991 to June 2000 

period for HALOE (see the comments below for the 2000-2005 period).  SAGE II ozone data were 

https://ums.jpl.nasa.gov/owa/redir.aspx?C=eipJ0tUcX0yFu-hpjYobdH4nQEMO8s8I71F9kO-eVEak5XRthS4QwUYSSEkFZ0AzgnRZ5EYPpVc.&URL=http%3a%2f%2fhaloe.gats-inc.com%2fuser_docs%2findex.php
https://ums.jpl.nasa.gov/owa/redir.aspx?C=eipJ0tUcX0yFu-hpjYobdH4nQEMO8s8I71F9kO-eVEak5XRthS4QwUYSSEkFZ0AzgnRZ5EYPpVc.&URL=http%3a%2f%2fhaloe.gats-inc.com%2fuser_docs%2findex.php
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converted from a density/height native retrieval grid to a mixing ratio/pressure grid, for 

comparison to other GOZCARDS-related datasets, for which a mixing ratio/pressure grid is a more 

natural choice; the latter grid is also most often used in comparisons to models.  One needs 

temperature profiles for such a conversion, and any artifacts or anomalous variability in 

temperatures can therefore be transferred to the converted datasets; this was pointed out by 

McLinden et al. (2009) in relation to SAGE II data and the use of the NMC/NCEP temperature data 

in use at the time of the creation of SAGE II ozone (v6.2) data.  They noted that artifacts in upper 

stratospheric and lower mesospheric SAGE II ozone can be introduced, especially after 2000. 

Moreover, significant changes in the relative fraction of sunset and sunrise occultations after 

mid-2000 can lead to artificial biases if one averages all the SAGE II ozone data (sunrises and 

sunsets), mostly again in the upper stratosphere and above, where diurnal effects become larger.  

We have noticed that there are indeed drifts versus HALOE ozone data in SAGE II ozone (VMR 

units) for this post-2000 period in the upper stratosphere above 3.2 hPa, which mainly results 

from anomalous NCEP temperature trends when compared to MERRA and HALOE temperature 

data. For the creation of a merged GOZCARDS dataset, we have, therefore, avoided the use of 

SAGE II data for pressures less than or equal to 3.2 hPa; instead, we use the HALOE dataset, 

previously adjusted to match SAGE II average values (from the 1991 to 2000 time period analysis 

of HALOE and SAGE II data), as a reference for this later time period.  The adjustment of the Aura 

MLS time series vis-à-vis SAGE II is performed by using average offsets from 2004-2005 versus 

SAGE II ozone for pressures larger than 3.2 hPa, and versus the previously adjusted HALOE ozone 

dataset for smaller pressures (higher altitudes).  Finally, the ACE-FTS ozone dataset is adjusted by 

using as an average reference the previously merged dataset from SAGE II, HALOE, and Aura MLS 

during the 2004-2005 overlap period used here; these results are then merged together for the 

final ozone dataset.   

Notes of Caution  

There are some regions where the amount of overlap between datasets can become an issue for 

the proper merging of these averaged zonal means via this method.  In particular, this can occur 

when there are also large seasonal changes, and the sampling during the overlap period is not 

sufficient for enough stability in the results (also, an occasional poorer quality data average could 

more heavily influence the end result); we noticed some significant discontinuities (offsets) 

between the adjusted UARS MLS and Aura MLS ozone series, notably for latitudes poleward of 

the 65°N or 65°S bin, in the upper stratosphere and lower mesosphere. We have omitted these 

regions from the final merged dataset; a later merged data version could make use of more 

sophisticated analyses (e.g., fits to time series) to reduce or remove such inconsistencies, and 

provide a somewhat more complete (global) dataset.  The high latitude regions mentioned above 

should be treated with some caution at the stratospheric pressures (1 hPa to 215 hPa inclusive) 
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for which we provide merged data (and where signs of inconsistencies are less obvious by 

inspection).   

Also, for H2O, one should be cautious about some of the larger H2O mixing ratios in the upper 

mesosphere (typically for pressures smaller than 0.03 hPa) during the summer months in both 

hemispheres; these outliers (zonal mean values of about 10 ppmv or larger) are artificially high as 

a result of contamination of the HALOE measurements by polar mesospheric clouds (PMCs), 

which can affect the monthly means.  These contaminated values are somewhat difficult to 

ǎŎǊŜŜƴ ƻǳǘ άǇŜǊŦŜŎǘƭȅέΣ ōǳǘ ŀ ŎŀǳǘƛƻƴŀǊȅ ƴƻǘŜ ƛǎ ƛƴ ƻǊŘŜǊΦ  The same holds for the somewhat low 

values of lower stratospheric HALOE H2O prior to mid-1992, as mentioned above. 

Other Species 

     For somewhat simpler cases, the merging procedure consists of averaging the source datasets 

over the overlap time period to obtain the reference, and using the correspondingly-adjustmed 

series to obtain the merged series.  This is true for N2O and HNO3 for the Aura MLS and ACE-FTS 

common time period (Aug. 2004 onward), as well as for adjustments of HF and CH4 series from 

HALOE and ACE-FTS during their fairly brief overlap period in 2004-2005.  For other species, like 

ClO or HNO3, as a large data gap exists between the UARS MLS (1991-1997) and Aura MLS (2004-

current) time series, there is either no adjustment of one series versus the other, or some 

recommendations for adjustments will be provided at a later date, after further validation and 

related work. 

1.4 Sample Results 

The following plots illustrate the methodology and a few sample results for several of the species 

intended for the first phase of deliveries for the GOZCARDS archive.  The merged time series 

obtained for GOZCARDS attempt to be very faithful representations of the originally-produced 

source datasets (the properly screŜƴŜŘ Ȋƻƴŀƭ ŀǾŜǊŀƎŜ ǎŜǊƛŜǎ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ά[ŜǾŜƭ нέ ǎŜǘ 

of individual profiles), meaning that no data gaps are filled (for example by fitting functions to the 

sparse datasets).  Such fitting procedures will be up to individual users; also, model/data 

comparisons could be best performed by sampling the models in a way that is not continuous, 

but rather, follows the data record sampling in time and space. 
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Figure 2.  H2O monthly mean abundances versus time during the period of overlap between the satellite 

measurements from HALOE (blue), ACE-FTS (cyan), and Aura MLS (red) at 68 hPa for 3рɕbΦ  aŜǊƎŜŘ ǘƛƳŜ 

series obtained after the merging procedure described above is given by the connected brown points. 

Figure 2 shows an example of the overlap time period for H2O source datasets from HALOE,  

ACE-C¢{Σ ŀƴŘ !ǳǊŀ a[{Σ ŀǘ млл Ƙtŀ ƛƴ ǘƘŜ прɕb ƭŀǘƛǘǳŘŜ ōƛƴ όŎƻǾŜǊƛƴƎ плɕb-рлɕbύΦ    The resulting 

merged time series in this overlap period is shown (brown points).  An expanded version of the 

(unadjusted) source datasets and the merged data record for 1991 through 2010 is shown in 

Figure 3, for this same latitude/pressure bin.  Also, the early time period data from UARS MLS are 

shown; this dataset is adjusted to the original merged series for the final merged product. 

 

Figure 3.  H2O monthly mean abundances from the source datasets and the resulting merged record for 

the same latitude/pressure bin as for Figure 2, but for the time period from 1992 through 2010.  This plot 

also shows the UARS MLS points in 1992-1993 (red points for that time period).  
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Figure 4.  Offsets applied to each of four H2O datasets (see legend in above plots) are shown versus 

latitude for the 2.2 hPa pressure level ((a) in ppmv and (b) in %) and for 46.4 hPa ((c) in ppmv and (d) in %).  

Such offsets are applied (additively, in mixing ratio units) to the original source data series to obtain 

adjusted series and resulting merged time series.  For example, as the HALOE and UARS MLS values are 

drier than the mean reference, these datasets are associated with positive offsets, applied to raise their 

average values, whereas the opposite is true (for the cases illustrated above) for Aura MLS and ACE-FTS.    

Average offsets applied to the original H2O monthy mean time series are shown in Figure 4 for 

two pressure levels.  The sum of the offsets from HALOE, Aura MLS, and ACE-FTS equals zero, as 

each of these 3 series is given equal weighting in this merging procedure (during 2004-2005).     

Several other examples are shown for global HCl series in the following pages.  This includes a 

contour plot of the merged HCl field on the 46 hPa surface (Figure 5), merged and (unadjusted) 

source data time series for all latitudes at 46 and 1 hPa (Figures 6 and 7).  Sample time series of 

the standard deviations for the merged monthly mean HCl record at 46 and 1 hPa are also shown 

in Figures 8 and 9 (derivations of these quantities will be described elsewhere).  Descriptions of 

other quantities provided in the GOZCARDS files are summarized in section 3.  These plots 

illustrate that different sampling and other characteristics from various instruments can lead to 

different views of atmospheric variability; one also needs to contend with data gaps when trying 

to analyze or interpret such long merged time series.  Discussions of uncertainties will be 

provided at a later date, but the range of available zonal mean datasets can help to bound the 

ƭƛƪŜƭȅ όάǘǊǳŜέύ absolute values.  Every effort has been made to use robust and consistent datasets 

among the GOZCARDS ensemble considered, given the time and resources available; care has 

been taken not to merge datasets when significant deviations exist not just in absolute values, 

but also in temporal tendencies (such as trends of deseasonalized anomalies, not shown here).  

For example, the known issue in Aura MLS HCl for upper stratospheric trends (see Figure 7, 

where the red symbols do not track the expected HCl decline shown by the ACE-FTS points) 

implies that it would not be wise to include that dataset as part of the merged result, in order to 

reliably track the small decline in upper stratospheric HCl (relevant for total chlorine trends). 
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Figure 5.  Sample GOZCARDS HCl field (ppbv) at 46 hPa (1991-2012) versus latitude. This field is obtained 

by combining HALOE (1991-2005), ACE-FTS (2004-2012), and Aura MLS (2004-2012) data records.   

 

 

 

 

 

 

 

                                   GOZCARDS HCl time series at 32 hPa 






























































